Objective: Endoscopic balloon dilation (EBD) is still considered the standard treatment for patients with anastomotic strictures after esophagectomy. However, repeated dilation sessions are often required to maintain the lumen patency. We therefore developed a novel method called circular incision and cutting (CIC) and compared the efficacy of CIC and EBD among patients with anastomotic strictures after esophagectomy or gastrectomy.
| INTRODUCTION
Esophageal cancer is one of the most common causes of cancerrelated death worldwide. 1 Esophagectomy is the first choice of treatment for patients suffering from esophageal cancer, especially those at early stage. Postoperative stenosis of anastomosis has been reported to occur in 5%-46% of the patients, 2,3 which often impairs patients' quality of life to varying degrees. The main causes of stenosis are postoperative complications, including anastomotic leakage and infection, the use of circular staples and upper gastric tube ischemia. [4] [5] [6] Endoscopic balloon dilation (EBD), or bougie dilation, has been considered effective in relieving dysphagia; however, the symptoms recur several weeks later, 7, 8 and repeated dilations are needed to guarantee or maintain a relatively normal life in such patients. Moreover, up to three or more dilation sessions are performed on patients with refractory strictures. 7, 9 An intralesional steroid injection around the stricture or oral administration of steroid after EBD has been demonstrated to be effective and convenient for the management of anastomotic strictures. 10, 11 Moreover, the combination of EBD and steroids may decrease the number of dilation sessions needed and prevent restenosis. 12 Due to the temporary effect of EBD, electrocautery therapy has been considered a new method for treating anastomotic strictures and shows visible clinical improvement in delaying restenosis and the reduction in the number of dilation sessions needed, especially for strictures shorter than 1 cm. 13, 14 Recently, Asada et al. introduced a novel method called radial incision and cutting (RIC). 15 Accumulating studies have then confirmed the efficacy and safety of RIC therapy for patients with anastomotic strictures. [16] [17] [18] However, the scar tissue between the incisions is mainly tension-free after the first RIC session, making it uneasy to be cut away in the following step. Moreover, the loss of tension may result in residual fibrotic tissues after RIC and contribute to the restenosis of the esophagus.
Therefore, we modified the RIC therapy to offer a new therapeutic strategy for esophageal anastomotic stricture, named circular incision and cutting (CIC). In the CIC method, radial incisions are replaced by circular incisions to help maintain the constant tension of the stricture and ensure the depth of the incision. CIC can remove as many circular staples from the anastomotic stricture as possible, because circular staples may cause the excessive proliferation of fibrotic tissue, thus leading to restenosis. In the present study, we retrospectively reviewed the records of the patients with anastomotic stricture after surgical treatment for esophageal cancer aiming to explore the efficacy and safety of the CIC procedure and to compare the clinical effects of CIC and EBD.
| PATIENTS AND METHODS

| Patients
From January 2011 to December 2016, the medical records of consecutive patients who had undergone esophagectomy or gastrectomy at our hospital and developed anastomotic strictures were
reviewed. An anastomotic stricture was considered when an endoscope of 10 mm in diameter could not pass through the esophageal lumen. The length of the stricture was shorter than 1 cm in all the patients in the present study. Those with an anastomotic recurrence were excluded from the study. The patients' characteristics, including clinical course and postoperative complications such as perforation and bleeding, were collected through the electronic medical record (EMR) system. This study was approved by the Ethics Committee of Xinqiao Hospital, Army Medical University (Chongqing, China).
| Endoscopic procedures
Before treating with CIC or EBD, all patients provided their written, 
| EBD
Under direct visualization and fluoroscopic guidance, EBD was carried out using multiple-diameter CRE balloon dilators (Boston Scientific Corporation, Natick, MA, USA). Two dilators in different diameters 
| Evaluation of patient outcomes
The degree of dysphagia was assessed before and after the CIC or EBD procedure according to the dysphagia score as follows: 0, being able to have a normal diet; 1, unable to eat certain solids; 2, being able to eat semisolid foods only; 3, being able to swallow liquids only; and 4, complete dysphagia. 19 Restenosis was confirmed when the standard endoscope was unable to pass through the stricture or patients complained of dysphagia with a dysphagia score >1. The procedural duration of the CIC procedure was defined as the time from the first incision until the IT knife was pulled out, while the procedure time for EBD was defined as the time from the entry to the withdrawal of the balloon dilator. Perforation requiring repair and bleeding requiring transfusion was considered major complications.
| Follow-up
Dysphagia was assessed at 1, 4 and 24 weeks after the initial CIC or EBD therapy. The patients were followed up via a telephone interview. Some patients underwent regular endoscopy but others did not want to undergo endoscopic procedures because they had no symptoms of dysphagia.
| Statistical analysis
Statistical analyses were performed using SSPS version 18. There was no statistically significant difference in the baseline characteristics between patients undergoing either CIC or EBD treatment (Table 1) . Seven patients complained of chest pain, which was relieved by an oral administration of a painkiller within a few days. The 6-month patency rate (dysphagia score of grade 0-1) was 95.5%. Restenosis occurred in 14 (63.6%) patients after an average of 88.07 days. To further relieve dysphagia, seven patients underwent repeated CIC sessions. Thus, 12 CIC sessions were performed throughout the follow-up duration, of which four patients had one re-CIC session, two patients had two re-CIC sessions and one patient had four re-CIC sessions.
EBD
As a short-term effect, the symptoms of dysphagia were obviously relieved within one week in most patients who had EBD. However, four patients complained that there was no change in their symptoms.
After the first EBD session, complete relief from dysphagia (grade 0) was achieved in 34 patients, but 10 patients suffered from grade 2 dysphagia or even worse. The mean procedure time of EBD was 7.03 min and the average hospital stay was 6.00 days. Nine patients received an intralesional injection of steroid after EBD.
In total 20.93% (9/43) of patients experienced a complete relief from dysphagia at 6 months after the EBD, excluding six patients who were lost to follow up. The 6-month lumen patency rate was 69.8% (30/43). After a mean of 62.76 days restenosis occurred in 37 (75.5%) 
| Efficacy of CIC versus EBD
There were no obvious differences between the two groups in terms of procedure time, length of hospital stay and the rate of steroid injection ( Table 3 ). The mean difference of preoperative and postoperative dysphagia score in the CIC and EBD groups, calculated by the preoperative dysphagia score minus the postoperative dysphagia score, was 1.73 and 1.16, respectively (P = 0.03). Although the restenosis rate did not differ between the two groups (63.6% vs 75.5%, P = 0.30), the time interval of developing restenosis in the CIC group was longer than that in EBD group (88.07 days vs 62.76 days, P = 0.001). In addition, the mean dysphagia score at the 6-month follow-up was 0.63 in patients who underwent CIC compared with 1.44 in patients after EBD (P = 0.007).
In addition, the application of steroids had a visible effect in prolonging the interval of restenosis (128.20 days vs 82.26 days, P = 0.03), but showed no influence on the restenosis and 6-month patency rate. Furthermore, the patients older than 60 years exhibited a much higher incidence of restenosis (13/26 [50.0%] vs 39/45
[86.7%], P = 0.001). However, the time interval of developing restenosis and 6-month patency rate were not correlated with age.
| DISCUSSION
In general, EBD is the preferred treatment for esophageal stricture to maintain a wide lumen. 20 However, repeated EBD sessions have been reported to be required to relieve the symptoms of dysphagia in some patients. 21 Incisional therapy has been introduced as a new method for patients with anastomotic stricture. 22, 23 In RIC, directly slicing off fibrotic tissues is the key to maintain a wide and stable lumen. The RIC treatment is considered a safe and effective choice for anastomotic stricture.
In this study, we made a few changes to the RIC procedure in order Moreover, this modified CIC procedure may make the operation easier for endoscopists to perform. Thus, this modification may contribute to the complete resection of the stricture.
In this retrospective study we evaluated the efficacy and safety of the CIC method for patients with anastomotic strictures after esophagectomy or gastrectomy. Furthermore, clinical effects of the CIC and EBD treatment were also explored. According to a previous study, RIC treatment was more effective in short-segment (<1 cm) strictures than in long-segment strictures. Therefore, only patients with strictures shorter than 1 cm were included in the present study.
As a result, we found that the CIC method achieved better clinical outcomes in these patients than EBD. By using EBD, the dilation of 26 Their results demonstrated that a steroid injection was effective after both semi-circular and complete circumferential ESD. Moreover, a steroid injection had a similar effect in reducing the stricture rate as an oral steroid, whereas it had a better effect to reduce the number of EBD sessions required. In our study we found that patients who received an intralesional steroid injection had a relatively long interval before developing restenosis. Although this preliminary study indicates that a steroid injection is efficacious, randomized, controlled trials are warranted to discern the optimal injection method, together with the optimal dose and the safety of steroids used in this way.
There were some limitations to this study. First, it is a singlecenter retrospective clinical trial with a small sample size. Therefore, we could only make a preliminary assessment of the feasibility of CIC therapy in patients with an anastomotic stricture. Comprehensive multicenter studies with larger sample sizes and randomized controlled trials are needed to further confirm the efficacy and safety of CIC therapy. The other limitation of this study is the exclusion of long-segment strictures. Patients with long-segment strictures are often at a relatively high risk of restenosis and refractory strictures.
We excluded long-segment strictures from our research based on the outcomes of previous research. Thus, the effect of CIC method on the patients with long-segment strictures remains to be explored, which might expand the scope of the application of CIC treatment.
In conclusion, CIC, which is a modified incisional therapy, is an effective and safe treatment option for patients who develop anastomotic strictures after esophagectomy. Compared with EBD, CIC treatment shows significant superiority in prolonging the interval of restenosis and 6-month lumen patency.
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